Abstract
Introduction

43
With increasing demands for real-time environmental samples monitoring, 44 micro/portable gas chromatography (GC) instruments with high sensitivity were in 45 urgent need to be developed [1, 2] . However, the development of micro gas 46 chromatography systems was limited due to large volume and high power 47 consumption of traditional chromatography columns. Owing to the development of 48 MEMS technology, micro gas chromatography columns have a brighter prospect with 49 some advantages of smaller volume, more rapid analysis and less power consumption 50 [3] [4] [5] [6] [7] [8] [9] [10] [11] . In addition, the micro GC columns can be easily integrated with different GC 51 components (e.g. pre-concentrators and detectors), enabling the realization of a field 52 portable system for real-time sample analysis. Therefore, the miniaturization of GC 53 columns has been the main subject of recent research focus. 54 After ten years of development, the micro gas chromatography columns have been 55 widely used for separating gas mixtures in several fields. It is well known that the separation efficiency depends on the length and the aspect 75 ratio (defined as the ratio of depth to width) of the columns, so it is very important to 76 fabricate micro packed GC columns with long and large aspect ratio channels.
77
Generally speaking, reducing width and increasing depth of the channels can improve 78 the aspect ratio, obtaining larger plates. However, it is very difficult to uniformly fill 79 chromatographic packing in narrow channels as they can be easily blocked by the 
Experimental setup
99
In this paper, the samples were analyzed utilizing a mini GC system based on a micro 100 thermal conductivity detector (μTCD) [18] (Fig.1) . The proposed μTCD was 101 characterized with a large linear range of 10 5 and a detection limit less than 5 ppm. The sample injected by a sampling pump was transported into the packed column 103 through a valco valve. Pure hydrogen gas with a large thermal conductivity coefficient 104 was used as carrier gas, the flow rate of which was controlled by a pressure regulator. were left on the edge of these channels due to laser ablation, result in low yield rate 115 when packaging the devices. Therefore, the surfaces must be polished before bonding.
116
In addition, a micro filter was fabricated and located at the outlet, which can prevent 117 the chromatographic packing loss. The depth and length of the column are 1.2 mm and 1.6 m, respectively, and the 126 aspect ratio is 2:1. Fig.3 w is the width of the peak at half height. The To evaluate the performance of the micro-fabricated packed GC column, some key 164 parameters were studied, such as sample capacity, separation efficiency, and 165 repeatability. These experiments were carried out at a linear flow velocity of 11 cm/s, 166 at the temperature of 100℃, with the carrier gas of H 2 . The gas was a mixture of CO 167 and CH 4 with concentration of 500 ppm. In general, the larger sample capacity of the 168 GC column, the greater output response the detector has. Therefore, the sample 169 capacity is an important factor of the GC column. However, when the injected sample 170 was over the sample capacity of GC column, the chromatographic peak would cause 171 serious peak tailing or leading peak, thus affecting the resolving power. In order to 172 evaluate the sample capacity of the fabricated column, three different volumes of 173 samples (0.5 ml, 1.0 ml and 1.2ml) with same concentration were injected into the 174 column, respectively. Fig. 5 shows the signal outputs of the detector with different 175 sampling volume. As we can see from chromatograms, the output response was able 176 to improve by increasing injected sample when the sample capacity was large enough. 177 Moreover, the peak tailing didn't occur, even when the sampling volume reached 1 ml. 178 However, the peak broadening and peak tailing obviously occurred when the 179 sampling volume was 1.2 ml, which indicated the injected sample was over the 180 sample capacity of the column. In order to evaluate the performance of the micro packed column for complicated gas 189 mixtures, a sample (sample Ⅱ) composed of 8 components was used to perform the 190 experiment, where the column temperature was 100℃, the sampling volume was 1ml, 191 H 2 was acted as carrier gas and the flow rate was 11 cm/s. In order to achieve optimal separation efficiency, an effective method is used to 205 reduce the packing diameter down to 5 to 10 microns. In theory, the separation 206 efficiency can be improved up to 10,000 plates/m. However, the pre column pressure 207 will increase significantly when the column was filled with smaller particles packing, 208 which was unfavorable for portable/micro GC system due to their limited carrier gas 209 pressure. 210 
